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ABSTRACT
This study examined the effects of regular cardiovascular
(CV) and weight training (WT) exercise on the subjective
sleep assessment of older adults. Subjects (N = 57)
volunteered for the study, and srere randomly assigned into
groups for participation in CV (n = 23), WT (n = 19), or a
control (C) (n = 15) condition. Treatment groups (i.e., CV
' and WT) exercised for 1,6 weeks, then detrained for Lo weeks.
AII subjects answered a daily questionnaire (modified
version) which pertained to the previous night's sleep.
Subjects were tested with a longer form of the questionnaire
at four times: baseline (i.e., prior to beginning the
study), middle training (i.e., week 8), late training (i.e.,
week L2), and detraining (i.e., week 22). The modified
questionnaire data was taken as four day averages on
occasions corresponding to the administration of the longer
form of the questionnaire, with one exception for the
modified questionnaire: early training (i.e., week 2) hras
measured in place of a baseline measurement. Quantitative
data !ilere analyzed by 3 x 4 analysis of variance with
repeated measures (RI,IANOVA), while Likert-type data were
analyzed by chi-square (x2). sighificant negative eff'ects
of exercise on the subjective assessment of sleep were
observed temporariry and dissipated by week twelve of
training. For exampre, cV exercise reduced sleep quarity at
8 weeks, but this effect was not present at L2 weeks. lilr
exercise arso showed a.negative inpact on sreep, but this
effect was not evidence in as many individual questionnaire
items. fn most instances, the effect of WT on sleep was
short-Iived and uias not apparent beyond 2 week time point.
Overall, the data show some transient negative effects of
exercise on the subjective assessment of sleep, however
these short-Iived and minor effects are outweighed by the
positive hdalth benefits associated with regular exercise.
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TNTRODUCTION
Many factors affect the quality and quantity of sleep,
including diet, emotions, ilIness, drugrs, noise, exercise,
age, and gender. Aging has one of the most dramatic
influences on both objective and subjective aspects of
sIeep.
The, quality of sleep is said to deteriorate with age
(Buysse et a1., l-99L). The elderly conplain more than a
younger population about difficulty initiating and
maintaining sleep and report more daytime drowsiness
(Johnson, 199L). These complaints have been objectively
v6rified in a sleep laboratory by simultaneously recording
abnormalities in electroencephalographic,
electroculographic, and chin muscle electronyographic data.
Gottlieb (1990) reported d significant relationship between
the severity of sleep fragrmentation and the degree of
daytime drowsiness, which leads to impaired daytime
functioning.
the elderly also conplain more frequently about poor
sleep quality, nonrestorative sleep, and a partial reversal
of the normal sleep-wake'pattern. Various surveys have
documented subjective prolonged sleep latency, shortened
sleep duration, increased awakenings, and nocturnal
restlessness, accompanied by more daytime napping (Dement,
Mi1es, & Carskadon, L982).
Arthough subjective sreep cornpraints are conmon among
elderry hromen, objective measurements of rapid eye movement
1
2and slov, wave sleep (SWS) indicate better sleep quality for
women than elderly men (Mende1son, l-990; Buysse et,aI. r
L99L). Johnson (1988) reported, however, older women feel
less refreshed in the morning and are more dissatisfied with
their sleep than older men.
The changes in sleep patterns, seen with the aging
process, are argued to be physiological rather than
pathological in origin. However, the high incidence of
subjective complaints points toward the latter
interpretation. Remarkably, disruptions in sleep play a
najor role in the necessity for the elderly to be placed in
nursing homes (National Institute of Aging, L979). 
I
It has been speculated that regular exercise improves
s1eep. From a theoretical standpoint, it's believed sleep
is a state of enhanced body restitution that overcomes the
physicat wear and tear of waking activity. Therefore,
exercise would be expected to enhance this restitution
during subsequent sleep. However, Iittle research has been
performed on the effects of exercise upon sleep quality and
quantity. For a complete review of literature, including
discussion of th'e interaction between exercise and sleep,
see Appendix A.
One characteristic of sleep, SWSr'has been used as an
objective measurement of sleep quality. It could b'e argued
that an increase in SWS reflects an enhancement of sleep
quarity. But thid interpretation is debatable because more
acceptable critdria of rtimproved sleeprr are available (e.g.,
shortened sleep onset time, reduced interim wakefulness and
stage L sleep, and less movement time during sleep). Of
course, the best i-nformation may come from asking subjects
how well they slept.
The purpose of this study was to examine the effects of
regular exercise on sleep in older adults. Specifically,
cardiova3cular exercise (cV) and weight training (WT) hrere
performetl by a group of men and women over age 60, and their
sleep patterns !ilere compared to each other as well as to a
group of non-exercisers using data from a regu1arlll
administered questionnaire.
METHODS I
Subjects and Screening
AI1 potential subjects (60+ years) initially sought a
physical exam and clearance from their primary care
physician to participate in an exercise program. Each
potentiar subject then returned a summary of their physical
examination results, physician,s clearance form, medical
history form, and a signed copy of an fnstitutional" Review
Board approved informed consent form (Appendix B). After
review of these documents, all potentiar subjects were given
an initial graded exercise test on a treadmill so that
maxinal functional capacity could be deternined. Upon
conpretion of arr initiat screening and testing , gg.subjects
(65 femalei 34 male) entered the exercise program. Of
these, complete data was obtained for 57 individuals.
These individuals served as subjects for this study.
Desiqn
Subjects were randomly assigned into groups for
participation in CV, ffi, or a control condition. Control
subjbcts did not participate in an exercise treatment, but
were asked not to make any rifestyle changes and maintain
their normal rever of dairy activity. The two exercise
groupsr on the other hand, perforned L6 weeks of prescribed,
progressivery challenging supervised exercise. At the end
of L6 weeks, both exercise groups began L0 weeks of
detraining.
Al■ subjects′ regardless of their group′ maintained a
daily journa■ of their s■eep activity throughout the study.
spec■fica■■y′ they voluntar■■y comp■eted a modified vers■on
of the sto MaFy′s HOspita■ (SMH)Sleep QuestiOnnaire (E■l s
et a■_′ ■98■)eaCh day (See Appendix c).  Further′ al■
subjects performed a battery of tests on four occasions
during the study:  baseline (at Week O)′ middle training (at
week 8)′ ■ate trainttng (at week ■2)′ nd d trainind (at week
22).  At these testing sessions′ hey completed the sMH
Sleep QuestiOnnaire (see Appendix D).  The mOdified
questiOnna■re and the SMH Sleep QueStiOnna■r  referred to
sleep in the 24 hours prior to administration.
ExerC■se Tra■nェnq PrOg=am
Subjects in both exercise groups began each session
with a 5 - ■O minute program of light calisthenics and
stretching exerciseso  Subjects assigned to the
cardiovascular exerc■se group in■tially exerc■sed ぜhree
times per week′ for 20 min per session′ at a heart rate that
represented 502 of the■r max■ma functiona■ capac■tyo  This
prescription waS progress■vely increased so that each
subject performed continuous exercise at 652 of functional
maximal capacity for 30 min by the eighth week and 75を of
functional capacttty for 45 min by the twelfth week of the
program.  The exerc■se s ss■ons nvolved a c■rcu■t of
treadm■ll′ cycle′ row■ng′ and upper body ergometry.|
However′ variations of the circiit modalities were permitted
to accommodate for individual needg and preferences′
5
although lower body exercise always composed at least 752 of
the total exercise time.
Subjects assigned to the weight training exercise group
were instructed to perform an eight station circuit which
included 12 exercises to increase the strength of the lower
body. Progfessive increments in the WT program were
dictated by improvements observed in weekly 12 RM testing.
Statistical Analysis
The daily scores on the modified version of the SMH
Sleep Questionnaire brere averaged over four consecutive.
nights of sleep, excluding weekends. The scores on the SMH
Sleep Questionnaire pertained to the previous single night
of s1eep.
Quantitative sleep data were analyzed using a 3 x 4
analysis of variance (group by date) with repeated measures
(RMANOVA) on the second factor. The dependent variable
analyzed vras quantity of s1eep.
Due to the measurement properties of the scale used for
several of the Likert-type questions, separate Chi-square
' (x2) analyses weire used for the analysis of those responses.
Therefore, the relationship between responses for the three
groups during each data collection period was determined for
the dependent variables of quality of sleep, difficulty
falling asleep, waking state upon rising, and satishaction.
If a significant x2 value was obtained, a partitioning
procedure was employed in order to determine if the
7relationship was uniform acrbss aII the groups or only among
certain pairs of groups.
The Statistical Package for the Social Sciences (SPSS-
X) was used for all analyses (SPSS, 1988). AII data were
assessed at the p < .05 leve1 of significance.
RESULTS
The Modified_sMH S■eo ouestionna■re
Quantitv of s■eeD
Tables ■ and 2′and Figure ■′ shOw data and analysis
related to the variable quantity of sleep.  The 3 x 4
RMANOVA showed no significant interdction′ F(6′ ■50)= 0・69′
p = 0。659.  Also no sign■ficant ma■n effects were found fbr
groups F(2′ 50)= 0・39′ p = o.678′ or time F(3′ ■50)= 0・69′
p 〓 0.560.  Therefore′ neith r cV or WT exercise had any
effect on the amount of self―reported s eep.
Ωualitv of sleeo
Tables 3 and 4′and Figures 2-A and B shOw the data and
analysis for the quality of sleep.  A significant
relationship was found between both treatment groups (cv &
WT)and the control group (C)at early training (Table 3 and
Figure 2-A)′ X2(.。)= 23.24′ p く 。o5.  Figure 2-A shows the
three treatment groups′ and the percent of responses to each
value of the scaleo  The ends for all Likert―like data
reSがOnses were pooled (土.e.′ ■-2 and 5-6)due tO the lack Of
response at each of the extremes values of the scale.  Post―
hOc pairwise comparisons (Table 4)demonStrate that the c
group showed a significantly higher quality of s■eep at
early training when compared to the other two groups′ cv vs.
c′ x2(5)= 2■.38′ p < .o5′ and  WT vso c′X2(5)= 14.30′ p く
.05.
At middle training (Table 3 and Figure 2-B)a
significant relationship again existOd between the groups,
8
9x21ro) = 27.o5, P ( .05. Post-hoc pairwise comparisons
(Table 4) demonstrated that at middle training the cv group
experienced a significantly lower quality of sleep when
conipared to the other two groups, CV vs. C, X2(51 = 19.65, p
No significance relationship was found at late training
or detraining. Figures 2-C and D indicate that the initial
negative effect of exercise on quality of sleep is no longer
present at late training or detraining. Therefore,,exercise
may have an initial adverse effect on sleep quality, but the
effect appears transitory.
Difficulty falling asleep last night
Tab1e 5 shows the X2 analysis for the difficulty in
falling asleep. A significant relationship was found
between groups at early training, X2(e) = L3.2L, p i .05.
The post-hoc analysis (Tab1e 6) revealed no significant
relationhip between any two groups, thus naking
interpretation of the overall x2 difficult. This lack of
identification of differences in the post-hoc analysis is
rnoSt likety due to a loss in statistical povrer due to the
loss of degrees of freedom associated with these post-hoc
tests.
At middle training (Figure 3) a significant
relationship again existed between groups, X2(e,) = L4.96t p
that at this time point the CV group showed significantly
more difficulty in falling asleep when compared to the other
■0
two groups, CV vs. C, X'(t1 :8.O7, p < .05, and CV vs. WT,
chi-square X21f1 = 8.96t p < .05.
No significance was observed in late training or
detraining. Figure 3 indicates that the CV group
experienced a slight negative effect from exercise at middle
training for difficulty in falling asleep, but the effect
was only transient and no longer present at late training.
Waking state upon rising
Table 7 shows the x2 analysis for the variable
measuring the waking state upon rising. No significant
relationship was found at early training, but a significant
relationship was found between groups at middle training
(Figure 4-A), x21ro) = 23.72, p < .05. post-hoc pairwise
comparisons (Table 8) revealed CV and WT demonstrated lower
waking'states when compared to C, and CV experienced a lower
waking state when compared to WT at this time point, CV vs.
C, ,'(U1 = L2.38, p < .05, and WT vs. C, *2(U1 : L4.24, p <
.05.
At late training (Figure 4-B), a significant
relationship existed between groups, X21fO) = 25.2O1, p <
.05. Post-hoc pairwise comi:arison demonstrated the CV group
showed a significantly greater waking state when compared to
the WT group, but not the C group, 
€rt this time point, CV
vs. WT, *'(U1 : L8.40, p < .05.
After 10 weeks of detraining (Figure 4-C), a
significant relationship existed between groups, x21rO1
1,9.37, p ( .05. Post-hoc comparisons demonstrated that at
■■
this time point, the CV group showed a significantly higher
waking state when compared to the other two groups, CV vs.
C, *'(U1 :72.61-, p < .05, and CV vs. WT, X2(U1_:72.94, p <
.05.
Figures 4-A, B, and C illustrate the waking state upon
rising for the three groups. Notice at middle training
(Figure 4-A) the change in pattern among the three groups.
Responses from the CV group were fairly evenly spread
between 3 , 4, and 5-6. Notice that the WT group re'sponded
very high in 5-5, and there was a fairly even distribution
between 3 and 4. The C group, oD the other hand., had more
responses in the very high category 5-6, and very low in 3,
and L-2. At middle training, exercise has adversely
affected the waking state.
At late training (Figure 4-B), notice the response
percentages for the CV group and the C group are very high
at 5-6 and 4, and very 1ow at 3 and L-2. The WT group
percentage response again appears very high at 5-5, but a
somewhat even pattern shows at 3 and L-2. At this time
point, the negative effect of CV exercise has disapleared,
while WT exercise still shows slight adverse effects.
At detraining (Figure 4-C), notice the fairly even
spread for all the groups percentage of response at 5-6 and
4. Arso, there's a very low spread of responses at 3 and l--
2. overarr, it appears after an initiar adverse effect of
exercise on waking state, cv e:tercise improves the waking
■2
state, and this phenomenon persists after exercise training
has stopped.
Satisfaction with last night's sleep
Table g shows the results of the x2 analysis concerning
satisfaction with last night's sleep. No significant
relationship was found at early training. At middle
training (Figure 5-A), a significant relationship was found
between groups, X2(g) = 2L.L5t p < .05. Post-hoc pairwise
comparisons (Tab1e 10) shows the CV group demonstrating
poorer satisfaction at this time point than the other
groups, CV vs. Ct X2(A) = LL.L7, P < .05, and CV vs. WT,
*'(n1=18.53,P<.05.
At late training (Table 9 and Figure 5-B) a significant
relationship also existed between the groups, *'(r) = L6.89,
p < .05. Post-hoc pairwise comparisons (Table 10) show the
significantly lower satisfaction for the CV group when
compared to the WT group at this time point, CV vs. WT,
*2(n)=L2:,O4, P(.05.
At middle training (Figure 5-A) the CV group percentage
of response is very high at 4, but very low at the ends.
The responses of the WT and C groups are fairly evehly
spread at 5 and 4, but also very low at 3 and L-2. At this
time point, CV exercise again appears to adversely affect
sleep satisfaction.
At late training (Figure 5-B), the trend seen at middle
training is repeated. Therefore, CV exercise appeafs to
have had an adverse affect on sleep satisfaction, however,
■3
the permanence of this effect was not determinable from the
data at hand.
Appendix E contains tables referring to the times woke
up last night and the total hours of nap time yestdrday.
These items were additional questions on the modified SMH
Sleep Questionnaire, but are not discussed in this text.
Appendix F includes the raw data for the modified SMII Steep
Questionnaire.
The SMH Sleep ouestionnaire
ouantity of sleep
Tables Ll- and l-2, and Figure 6 show the data and
analysis of the 3 x 4 RMANOVA for the variable quantity of
sleep last night. There was no significant interaction F1o,
2L6) : 0.59r P = 0.74o. No significant main effects were
found between groups F(2, 72) = 2.55r p = 0.085, nor over
time F(0, 21,6) : 0.55r P = 0.647.. Therefore, as !ilas found
on the modified version of the SMH Sleep Questionnaire
(Tables 1 and 2), exercise had no effect on the amount of
sIeep.
Oualitv of sleep
Table L3 shows the results of the X2 analysis for
quality of sleep last night. No significant relationship
hras found between groups during any of the four testing
points. These results are dissimi'tar (Tables 3 and 4) to
what was found on the early and middle analysis of the
modified SMII Sleep Questionnaire, but similar to the
■4
modified vers■on at ■ate tra■n■ng and detra■n■ng
measurements.
Difficu■tv fallinq asleep last niqht
Table ■4 shOWS the resu■ts of the X2 analysis for
difficu■ty in falling asleep last night.  No significant
relationship was found between groups dur■ng any of・the fO r
testing pointso  Similar findings by the modified version
(Table 5)were ObServed at late training and detraining.
Wakino state uoon r■s■nq
Table ■5 shOWS the results of the X2 analysis for
waking state upon rising today.  No significant relationship
was found at baseline.  A Significant relationship was found
between groups at middle training (Figure 7)′X2(.。)=
20。56′ p < 。o5。  Post―hoc pattrwise analysis (Table ■6)
revealed a significantly lower waking state for the cV group
when compared to the C group during middle training′ cv vs.
c′ x2(5)= ■■・・ 9′ p く 。o5。  No significant re■ationship was
observed at late tra■n■ng or detra■n■ng unlike the modified
version (Tab■es 7 and 8).
SatisfactiOn with last niqht′s sleeD
Table ■7 shows the results of the X2 analysis for
satisfaction with ■ast night′s sleep.  No significant
relationship was found at baseline.  A significant
relationship was found between groups at m■ddle tra■n■ g
(Figure 8)′ X2(8)= ■7。42′ p く .o5。  Post―hoc pairwise
comparisons (Table 18)show a 10Wer satisfaction during
mttddle training for the CV group′ when compared to the c′ cV
■5
vs. c, *'(r1 :4.29, p < .05. This result-hras similar to
the modified version. No significant relationship was seen
at late tiaining or detraining. The adverse effect cV
exercise had on sleep satisfaction was not permanent, which
also was demonstrated in the modified version (Tables 9 and
10).
Appendix E includes data and analyses tables for the
times awakened during the night, totat hours of nap, time
yesterday, troubled by waking too early, and depth of sleep
last night. These questions srere included on the SMH Sleep
Questionnaire, but are not discussed in this text.
DISCUSSION
The primary purpose of this investigation nas to
examine the effects of exercise on sleep in older adults.
OveraII (Table 19), the results of this study indicate a
somewhat negative effect on subjective self-assessment of
sleep after two months of exercise, but the effect was less
pervasive after 3 months of regular exercise. fn comparing
the two methods of exercise, this study revealed that CV
exercise may be slightly more deleterious to sleep
characteristics than WT exercise. Although, the effects of
CV and WT exercise may not initially inprove sleep quality
and satisfaction, these results appear transient with most
variables becoming comparable to C within three months.
In comparing the two modes of exercise, the CV effect
on sleep appears initially more unfavorable. For example,
after 8 weeks (i.e., middle training) of exercise the CV
group feII to sleep quicker than the WT group, but they
experienced less satisfaction and a reduced quality of sleep
when compared to the WT group. WT also had a generally
negative impact on sleep characteristics for the first two
months when compared to C, but this effect was not hs
prevarent across variabres or time as with cv training. The
wr group experienced a greater difficurty in farring asreep
than the CV group, however, they naintained a higher
satisfaction and quality of sleep when compared to the cv
group. There srere no long-rasting benefits or detriments to
wr on sleep and, in fact, all but one of the sreep variables
16
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for WT lrere identical to c by the mid-training time point
and aII were similar after l-2 weeks of regular exercise.
Although these data support better subjective
assessment of sleep with WT than CV, it does not irdply cv
exercise is deleterious. older adults who engage in CV
e*ercise may initially experience troubled sleeping
characteristics (i.e., decreased satisfaction or poor
quality), but the effects do not appear to b6 long-Iasting.
The overall health benefits associated with CV exercise
outweigh the smalI short-lived negative affects associated
with CV exercise and sleep.
fn addition, these data revealed after L0 weeks of
detraining (i.e., week 22) the CV group experienced an
enhanced waking state, which may be due to the cessation of
exercise or an after effect of CV training. These data do
not provide information to differentiate these explanations.
Furthermore these data do not support any long lasting
effect of exercise on other sleeping variables once exercise
training had ceased.
As reported in this study, the majority of literature
on the effects of exercise on quantity of sleep is typicatly
no change (Hobson, L968i Walker et aI., L97A),,with,Iimited
examples of an increase (Shapiro, Griesel, Bartel, & Jooste,
7975) or decrease (Van Trdyver & Webb, 1968) in sleep
quantity. On the other hand, it has been shown that
quantity of sleep decreases as a function of age (Ellinson,
L972). So, while it appears exercise may adversely affect
L8
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the subjective assedsment of one's sleep, dt least when
starting a new program, it does not affect the amount of
tiure one spends sleeping. These data speak against the
reparative function sometimes agreed as.a primary purpose
for sleep.
The administration of the modified version of the Sl,lH
Sleep Questionnaire, appeared to be more valid and reliable
than the SMH Questionnaire. The modified questionnaire was
administered more frequently allowing more data points to be
collected, thus increasing the validity and reliablity.
Also, the modified version appears to be more sensitive.
Increased sensitivity is supported by the modified version
revbaling more significant findings than the SMII Sleep
Questionnaire. This is likely explained by the fact that
the modified version $ras completed daily, and it probably
represents the sleeping characteristics of the subjects more
closely than the I'snapshottr obtained by the single day
administration of the longer questionnaiie. The longer
version of the questionnaire was only administered at four
discrete time points. The modified version, corirpleted
daily, rdas averaged over four nights of sleep and is
believed to be a stronger representation of the true status
of sleep. Therefore, this discussion is primarily related
to the modified version.
The SMII, due to the manner of administration, may
represent, the chronic effects of exercise on sleep.
Subjects had stopped exercising 48'-72 hours prior to EFGH
■9
testing, therefore any acute effect of exercise had
deteriorated before SMH administration. Any effect of
exercise on sleep nay be due to an acute effect which coutd
partially explain the different results seen with the SMH
versus the modified SI,IH.
The modified SMII likely depicts the acute effects of
exercise on sleep, because it was adrninistered daily. The
significant findings associated with the modified SMH may be
related to an exercise induced increase in body temperature
or basal metabolic rate, which could alter the sleeping
patterns of the subjects.
The differences found within the modified SMH between
the WT and CV groups may be'explained by the physiological
differences associated with WT versus CV. For example, with
I,tlT physiological effects include muscle hypertrophy,
increased anaboric activity, increased anaerobic metabolism,
and d€creased mitochondria density. The cv adaptationsr on
the other hand, include increased aerobic metabolism and
increased number /size mitochondria. These different
training effects may contribute to the effects of exercise
on sreep as werr as exprain the differences between the two
groups.
One criticism of this study is the length of the
training may not have been adequate to show changes in the
treatment groups. Stevenson.and Topp (1990) found
subjective sreep improvements in order men and women who
engaged in regurar exercise for nine months, vJhereas
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VitielIo and associates (L992) found increases in SWS among
seven older men engaged in regular exercise for six months.
The present study only involved four months of regular
exercise.
In conclusion, this investigation indicates thiat
exercise generally has a tempordEy, negative effect on
subjective sleep characteristics in older adults. Although
cv exercise had a negative impact on sleep after two nonths
of exerciser'this effect was generally not present after
four months of exercisingr or into detraining.
Scientific evidence does not strongty support the
commoh belief that exercise greatly impacts sleep (O'Connor
& Youngstedt, 1995). Unfortunately, it is not yet possible
to scientifically draw defensible summary statements about
the influence of exercise on s1eep, especially with the
conplexity of sleep and the numerous factors that may
impinge upon s1eep. Nevertheless, there's adequate evidence
to warrant increased attention toward understanding
potential relationships between exercise and sleep. t{hile
this study,found some transitory negative effects of
exercise on subjective assessments of steep, these effects
were short-lived and minor in comparison to the positive
health benefits associated with regular exercise. This
project adds to the growing body of literature, and
justifies future research within the area of exercipe and
sleep among an older population. Future research may
address gender differences, body temperature changes in
2■
relation to sleep, and longer
acute versus chronic impact of
untrained older adults.
exercise programs, and the
exercise in trained versus
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Table ■
Hours for the Modified SMH s■ eep ouestionnaire
Training Group ?? SD
EarIy CV
WT
C
7。03
6。98
7.26
■.06
■.24
0.98
Middle CV
WT
C
7.55
7.03
7。2■
0。77
0.99
0。95
Late CV
WT
C
7.28
6.94
7。■0
0。9■
0.73
■.0■
Detraining CV
WT
C
7。■8
7.09
7.20
0。8■
0.05
0.■8'
Note.  Groups include:
(WT)′ and cOntro■ (c).
N = 57。
Cardiovascular (じV)′ Weight Training
26
Table 2
Analysis of Variance for Ouantity of Sleep Last Night for
the Modified SMH Sleep ouestionnaire
Source ??? MS??? p??
groups 2
within cells 50
date 3
group by date 6
residual 1-50
2。04
■30.63
0.93
■。85
67.09
■。02
2。6■
0.3■
0.3■
0。45
0。69
0。69
0.560
0。659
0。39      0.678
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Table 3
Summarv of Descriptive Statistics and Chi Square Analysis
for Ouality of Sleep Last Night for the Modified Sl,iH Sleep
ouestionnaire
Tra■n■ng   Group      M     SD     df     p       x2
Early        cV     4。■7  ■。0■
WT     4.5■   0.93    ■0 0.0099彙  23.24
C      4.72   0。5
Middle       cv     3.98   0.98
WT     4.55   0.76    ■0   0.0026±  7。05
C    4。6■  0。9■
Late         CV     4.30   0。8■
WT     4.55   0.90    ■0   .32■9   ■ 。47
C      4。52   0。79
Detraining   CV     4。29 0.96
WT     4.44   0.84    ■0   0。5294  9。03
C      4.2■  0.94
Note.  See note′ Tabl  ■. 士p く .05.
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Table 4
Post-hoc Pairwise Comparisons for Ouality of Sleep Last
Night for the Modified SMH Sleep ouestionnaire
Training Comparisons df x2p
Early
?
?????????
???
?
???
??
?
???
?
5
5
5
0。00■彙
0。0■4士
0.273
2■.38
■4.30
6.35
Middle
?
??????
??????
??
???
?
???? 5
5
5
0。002彙
0。7■■
0.002士
■9.65
2。93
■8。45
Note.See note, Table 1. ★p< .05.
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Table 5
Summarv of Descriptttve statist上⊆s and chi Scuare Aialvsis
for Difficultv Fa■■inq Asleep Last Niqht fOr the Modified
SMH SleeD OueStionnaire
Tra■n■ng   Group      M     SD     df     p       x2
Early        cv     ■.54 0。5
WT     ■。■7   0.27    6    0。040■ ■3.2■
C     ■.48  0.44
Middle       cv     ■.25 0。37
WT     ■。55   0.76    6    0。02■± ■4.96
C     ■.39   0。47
Late         CV     ■。29   0。46
WT     ■.20   0。25    4    0。573      2。9■
C    ■.34  0。44
Detraining   Cv     ■.34 0。3
WT     ■.27   0.30    6    0.05■ ■2。54
C    ■.32  0。4■
Note.  See note′ Tabl  ■。  彙p く .o5.
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Table 5
Post-hoc Pairwise Comparisons for Difficulty FaIIing Asleep
Last Night for the Modified SMH Sleep Ouestionnaire
Training Comparisons ??? x2p
EarIy CV v C
WT v C
CV v WT
0。■2■
01234
0。054
5。8■
2.9■
7.65
3
2
3
Middle CV v C
WT v C
CV v WT
0.045彙
0.244
0.030彙
8.07
2。82
8.96
3
2
3
Note.  See note′ Tabl  ■。 士p < .05.
3■
Table 7
Summarv of Descriptive Statistics and Chi Square Analysis
for Waking State Upon Rising Today for the Modified SMH
Sleep Ouestionnaire
Tra■n■ng   Group      M     SD     df     p       lx2
Early        cV     3。97   ■。■3
WT     4.30   ■ 02  ■0  0。■89    ■3。66
C    4.2■  0.97
Middle       cv     3.87   ■。02
WT     4.29   ■.■■    ■0   0.008±    23。77
C    4。 32  ■.■3
Late         CV     4.32   0。 75
WT     4.24   ■。 8  ■0   0。05■    25.20
C    4.29  0。94
Detraining   Cv     4.■0 ■.■9
WT     4.03   ■.23   ■0   0.036±    ■9。37
C      3.99   ■。07
Noteo  See notё′ Table ■. 彙p く .o5。
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Table I
Post-hoc Pairwise Comparisons for Waking State Upon Rising
Today for the Modified SMH Sleep Ouestionnaire
Training Comparisons x2p
Midd■e
?
?
????
?
??????
??
?
??
?
??
5
5
5
0。030彙
0。022士
0。0■4士
■2。38
■3。■8
■4.24
Late ??
???
?
???
?
V C
V C
v WT
4
5
5
0.167
0.053
0。003士
6。46
■0。94
■8.40
Detraining ???
??
?
??
VC
V C
v WT
5
5
5
0。027士
0。73■
0。024士
■2.6■
2.80
■2。94
Note.  See note′ Tab■e ■.  士p く 。05。
df
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Table 9
Summary of Descriptive Statistics and Chi Square Anatysis
for Satisfaction with Last Night's Sleep for the Modified
SMH Sleep ouestionnaire
Tra■n■ng   croup      M     sD     df     p       x2
Early        cV     3.63   ■。■■
WT     3.87   ■.■7 ■0   0。■48    ■4.59
C      3.97   0。9
Midd■e       CV     3。 63   0.97
WT     4.26   0.74    8    0。007■  2■.■5
C     3.99  ■.04
Late         CV     3.95   0.65
WT     4。04   ■。00    8    0.032±   ■6.89
C      4。0■   0。90
Detraining   cv     3.87   ■.09
WT     3。96   0。95    ■O   o.323    ■1.46
C     3。72  1。9
Note. See note, Tab1e l_. rrp < .05.
34
Tab1e l-0
Post-hoc Pairwise Comparisons for Satisfaction with Last
Night's Sleep for the Modified SMH Sleep Ouestionnaire
Training Comparisons ??? x2p
Middle ??
???
?
????V C
V C
v WT
4
4
4
0。025士
0。■67
0.00■士
■■。■7
6.46
■8.53
Late ???
??
?
??
V C
V C
v WT
4
4
4
0.054
0。2■2
0.0■7彙
9.28
5.83
■2.04
Note.See note, Table l-. *p < .05.
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Tab1e l-1-
Descriptive Statistics for ouantitv of Sleep Last Night in
Hours for the SMH Sleep ouestionnaire
Training Group ?????
EarIy CV
WT
C
6.86
6.53
6。90
■。0■
■.7■
2.2■
Middle CV
WT
C
6.86
6.60
6.98
■.32
■.76
■.40
Late CV
WT
C
7.2■
6。67
7。■6
■.33
■.65
■.66
Detraining CV
WT
C
6.9■
6。45
7.58
■.■7
■.42
■。27
Note.  Groups ■nc■ude8
(WT)′ and cOntrol (c).
Cardiovascular (CV)′ Weight Training
N = 57
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Table L2
Analvsis of Variance for Ouantity of Sleep Last Niqht for
the SMH Sleep Ouestionnaire
Source df SS MS p??
groups          2
within cel■s   72
date            3
group by date   6
residua■      2■6
■■92。55
■6824.45
■96。07
4■6.95
25533。03
596.27
233。8■
65.36
9。49
■■8.2■
2.55
0.55
0.59
0。085
0。647
0.740
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Table ■3
Summarv of Descr■ptive statistics and chi souare Ana■vs■s
for Oualitv of s■eep Last Niqht for the sMH sleeD
ouestttonna■re
Tra■n■ng   Group      M     SD     df     p       x2
Early        cV     3.96   ■.22
WT     4.28   ■ 8  ■0   0.■88    ■3.67
C      4.59   0.77
Middle       cv     4。■5 ■.08
WT     4。58   0.89    ■0 0.463     9.75
C     4。 27  ■.52
Late         CV     4.38   ■。■5
WT     4.54   0。87  8    0.7528     5.04
C     4。 44  0。74
Detraining   cv     4.4■  ■。■3
WT     4.58   0.86    8    0.563      6.76
C      4。78   0。82
Note. See note, Table Ll-.
|                   
…
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Table L4
Summary of Descriptive Statistics and Chi Square Analvsis
for Difficulty Falling Asleep Last Night for the StiH Sleep
ouestionnaire
Tra■n■ng   Group      M     SD     df     p       x2
Early        cV     ■。35   0.5■
WT     ■.90   0.97    6    0。644  4.24
C    ■.22  0。■8
Middle       cv     ■.■5 0。■3
WT     ■.20   0.33    6    0.528     5。■2
C      ■.33   0.60
Late         CV     ■.■4 0.■3
WT     ■.■3   0.20    4    0.■86      6.■8
C    ■。24  0。■9
Detraining   CV     ■.47  0。5■
WT     ■.■7   0.23    4    0。■83   6.22
C    ■.22  0.■8
Note.  Seёnote′ Tab■e ■■。
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Table ■5
S
ouestionna■re
Tra■n■ng   Group      M     SD     df     p       x2
Early        cv     4.39   ■.03
WT     4。55   0.99    8    0。478      7。56
C    4。15  ■。33
Middle       CV     3.50   ■。54
WT     3.93   ■.51   ■0  0。24■    20。56
C      4.03   ■。50
Late         CV     4。43 0.75
WT     4.46   0。94  8    0.632      6.■4
C    4.■5  0.93
Detraining   cv     4.■8  0.95
WT     4.33   ■。24    ■O   o.300    ■■.78
C    4.■3  0.94
Notee  See note′ Tabl  ■■。 士p < .o5.
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I
Post-hoc Pairwise ,Comparisons for Waking State Upon Risihg
lTodav for the SMH Sleeo Ouestionnaire
Training Comparisons ??? x2p
Tab■e ■6
Middle CV V C
WT v C
CV v WT
0。048士
0.■50
0。088
■■。■9
8。■■
8。■■
5
5
4
Note.  See note′ Tabl  ■■. 彙p < .o5.
4■
Table ■7
Summarv of Descriptive Statistics and Chi Square Analvsis
for Satisfaction w■ttn Las上 亙iqh上二s Sleep for the sMH sleeD
Questionna■re
Tra■n■ng   Group     M      SD     df     p       x2
Early        cv     3。87   0。92
WT     3。55   ■。45    8    0。■87    ■■.27
C     3。7■  ■.24
Midd■e       cv     3。■4   ■.36
WT     3.86   ■.4■    8    0。026±    ■7.42
C    3.43  ■.56
Late         CV     4。00 ■.■0
WT     4。04   0.95    8    0.■■  ■2.82
C    4。 06  0.92
Detraining   cv     3.59   ■.■8
WT     4.00   ■.■  8    0.5■4      7。2■
C    4.03  ■。03
Note. See note, Table l_1. *p < .05.
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Table 1-B
Post-hoc Pairwise Comparisons for Satisfaction with Last
Niqht's Sleep for the SMH Sleep ouestionnaire
Training Comparisons df p x2
Middle         CV v C         ■  o.038±     4。29
WT v C         ■ 0。858      0.03
CV v WT         ■    0。88      2.92
Note.  See note′ Tab■e ■■. 彙p く .o5.
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Table ■9
Results Summarv for S■eep uestionnaires
Modified SMH Ouestionnaire
Dependent Variable
Quantity of sleep
Quality of sleep
Diff. fall asleep
Waking state
Satisfaction
SIitrI Ouestionnaire
Quantity of sleep
Quality of sleep
Diff. fatl asleep
Waking state
Satisfaction
Figure Noo  Data Trёnds
■
2     ■= CVくC′ WTくc
2= CVくC′ CV<WT
3     2= CV>C′WT
4     2= CVくC′ WTくc′
CV<WT
3= CV<WT
4= CV>C′ V>wT
5     2〓 CV<C′ cvくwT
3= CV<WT
2= CV<C
2= CVくC
Ana■vsis
3x4
RMANOVA
x2
x2
????
?
3x4
RMANOVA
x2
x2
x2
x2
????
Note.  Dates 〓 ■ (Ear■y [MOdified
(Middle)′ 3 (Late)′ 4 (Detraining)
weight training′ a d c〓Ontrol.
SMIII or Baseline), 2
i CV= cardiovascular, Wf:
6
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Ferly Test &tes
Figure 1. Quantity of sleep last night for the
modified SMH Sleep Questionnaire.
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Appendix A
Review of Literature
Introduction
The topic of exercise effects on sleep often address
the question of sleep function. The exact function of sleep
is not completely understood, with a universally accepted
theory. However, possible explanations of its function
include either a restorative role or an energy conservation.
Sleep patt,erns and architecture undergo changes with
increasing age. These changes to the sleep pattern and
architecture may be influenced by body temperature,
metabolism, and exercise.
There is a growing concern of the effects of exercise
on sleep habits in the elderly. The elderly population
represent the fastest growing segrment of the American
population. They comprise approximately L2 percent of the
American population, but receive nearly a0 percent of all
sedative hypnotic prescriptions (Fowles, 1989). The aging
process is associated with objective and subjective changes
in the quality and quantity of sIeep. Accordingly, there is
a considerable interest in the benefits of exercise on sleep
patterns within this population.
This review of literature will present information on
the theories of sleep, sleep pdtterns and architecture in
adults an elderly, effects of body temperature and
metabolism on sleep, and the effects of exercise, both acute
and chronic exercise, on sleep.
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Theories of Sleep
Iwo theories of the function of sleep have been
proposed. Sleep may serve a restorative role or it may
serve an energy conservative funct,ion. In the ttrestorative
theory of sleep,rt sleep in general, and SWS in particular,
may be related to recovery from fatigue, reparative
processes, and the buildup of energy. Alternatively and
consistent with the theory of energy conservation, sleep
serves as a period of reduced metabolic requirements (Driver
et aI., 1994).
Both of these theories predict that following exercise,
with the associated increase in body temperature, there will
be increased preference for SWS and there will also be a
reduction in metabolic rate and body temperature during
sleep. Therefore, following physically demanding
situations, sleep should be characterized by a shortened
time to faII asleep (i.e., sleep onset), a longer time for
the onset of REM sleep (i.e., REM latency), and an increased
S9ilS time with minimal changes in REM sleep time. However,
this positive effect of exercise on the amount of SWS, may
only occur when the exercise is of a relatively 1ong
duration at a high rate of energy expenditure (Horne, LggLi
Driver et a1., Lgg4). Consequently, studies on sleep' after
endurance exercise have conflicting findings due to
methodological dif ferences .
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A fundamental question which needs to be addressed
about sleep is whether its relationship to wakefulness is
compensatory or continuous. In other words, does sleep
serve to restore the previous period's activity, or is it
affected by the period of sleep itself? The relevance of
this question refers to the two prominent theories of sleep
mentioned earlier.
The restorative theory of sleep and the energy
conservation theory both propose that sleep implicitly
accepts the compensatory position. In this view, sleep is
influenced by the activity during the previous period of
wakefulness. Therefore, it is argue that sleep reacts to
replacer or repair the results from the waking activity.
Incidentally, the greater amount of activity, the greater
the need for sleep and the greater the depth of sleep.
Another description of influence upon sleep is the
continuity position, which argues that the nature of sleep
is determined by activity levels during the sleep period.
The direction of influence is similar during sleep as during
wakefulness. Therefore, increased activity revers duririg
sleep will reduce its depth (Trinder, Montgomery & paxton,
l-988). one way to distinguish between these different views
of sleep is to use physical exercise to vary the 1eve1 of
the wake period activity.
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S1eep Patterns and Architecture
Sleep Patterns of Adults-
Adu1t human sleep pattern consists of two subtypes:
REM, or |tdaytt dreaming, and non-REM sleep. Non-REM sleep
is subdivided into four stages, with stages 1 and 2 which
comprise light sleep and stages 3 and 4, characterized by
high amplitude slow hraves on the EEG. Stages 3 and 4 are
also known as SWS andr dS already mentioned, may be a
restorative phase of sleep that reverses the effects of
wakefulne'ss on the body. Exercise, with its depletion of
energy reserves of the body, has also been hypothesized to
create a demand for SWS proportional to energy expenditure
during exercise (BunneII, Bevier, & Horvath, L983).
In contrast, REM sleep does not exhibit the same
homeostatic behavior as a response to manipulations of the
prior waking activity. However, REM sleep is influenced by
the circadian rhythm, and exhibits a very stable cyclic
pattern of occurrence during sleep (Carskadon & Dement,
1e8o ) .
Sleep Architecture of Adu1ts
The adult sleep has a typical architecture. FoIlowing
sleep onset, normally a person enters into non-REM sleep
with progressive passage from stages L through 4.
Approximately 90 minutes later, sleep lightens briefly and
the first REM period occurs. An average of five episodes of
REM sleep occur each night, which are separated by periods
56
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through 4. As the night progresses, the REM periods become
Ionger and the interval between them shortens. The peak in
REM sleep occurs in the early morning for individuals with a
normal day-night, work-rest schedule. fn contrast, SWS is
concentrated more in the first half of the night, and its
duration is influenced by the length of preceding
wakefulness (Felicetta, Kapen, & Sowers, 199L).
Sleep Patterns of O1der Adu1ts
Major changes in the sleep patterns in the aged have
been confirmed and classified by laboratory studies (Dement,
Ililes, & Carskadon, L982). The elderly tend to experience
shorter total sleep time than younger individuals, which is
accounted for by an increased wakefulness after sleep onset.
Thus, this represents a major problem in sleep continuity
(i.e., the inability to sustain organized sleep for
significant lengths of time). older adults are also
described as experiencing an increased number of arousals.
This factor, combined with early final awakenings, results
in shorter sleep periods (i.e., the time from lights out to
lights on). fn addition, increased sleep latencies (i.e.,
the time from lights out to the first appearance of
sustained stage 2 sleep) are also seen, but vary greatly
amongr individuals. Thus, the end result of the described
sleep changes is a decreased sleep efficiency (i.e., total
sleep time/s1eep period time).
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Sleep Architecture of Older Adults
The aged also experience changes in sleep architecture,
which may have physiological significance. The percentage
of REM sleep falls slightIy, which is probably due to the
disruptions in sleep continuity. However, more importantly,
SWS decreases to less than l-0 percent of that seen in young
adults by the age of 60 (Johnson, L991). Therefore, if
sleep is restorative and SWS accomplishes this function,
then the vital recovery from the rrvtear and tearrt of the
waking activity is not being accomplished. Furthermore, the
deficiency in SWS nay be indicative of profound metabolic
changes in the brain (Feinberg, L976\.
Acute Exercise and Sleep
The attention in early literature was generally focused
on SWS, and other variables srere generally not reported.
AIso, laboratory procedures for sleep duration (e.g.,
restricting the time in bed or placing limits on the
duration) prevented the effect of exercise on this variable
from being analyzed. Trinder and associates (1988)
reported, overall, early literature indicated that exercise
does not appear to have a consistent effect on the speed of
initiating SWS, or on its amount. They further concluded
that earlier literature indicated the conditions identified
were not sufficient to produce an increase in the amount of
SWS following exercise. They also reported neither the
fitness of the subjects, nor the rate of energy expenditure
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appears to be a critical factor.
Horne (1-98L) suggested the critical factor in
determining the effect of exercise on sleep is whether or
not an increase in body temperature results from the
exercise. A result of an elevated body temperature is that
it mediates an increase in brain temperature. Therefore,
brain metabolism is stimulated resulting in a compensatory
increase in SWS.
Trinder and associates (1988) reported that a number of
studies have shown the elevation of body temperature by
passive heating of the body results in an increase of SWS.
However, the timing of the passive heating is critical,
because too large a dose that's close to sleep onset may
disrupt sleep. They also claimed a similar phenomenon to
passive heating has been reported for exercise; however, the
increase in SWS was not seen if the subjectrs head was
cooled during the exercise. Although the passive heating
theory has been established, it is not clear that it can
account for all positive effects of exercise that have been
reported. For example, it is believed that to observe
passive heating effects on sws the body temperature must
return to normar revels prior to sleep onset. According to
this theory, following extreme exercise, body temperature
can remain elevated throughout the following night, and
therefore no positive effect on sws would be obsejrved..
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Montgomery and associates (l-985) reported the effects
of moderate and intense exercise (i.e., competitive
marathon) on the sleep of older individuals. They reported
that older, fit individuals did not show a facilitatory
effect of a moderately intense exercise of prolonged
duration (i.e., 9o minute training run) (Paxton, Trinder, &
Montgomery, 1-983). They also did not find any indication of
stress or sleep disturbance as a result of the training
activity. However, both variables (i.e., exercise intensity
and fitness) were seen to increase SWS following more
intense exercise (i.e., competitive marathon).
Montgomery and associates further clained the
facilitative effects of intense exercise reported by
other investigators do not seem to be extended to the older
population. fn addition, the facilitative effects of
exercise on sleep may only be observed after very intense
exercise (Paxton, Trinder, & Montgonery, 1983).
Habitual Exercise and Sleep
Sleep may not respond to the acute effects of physicat
exercise, but it has been reported to respond to habitual
Ievels of exercise. In this regard, individuals who are
physically fit sleep longer and have higher levels of SWS
than unfit individuals.
Several investigators have reported that physicatty
fit subjects consistently experience longer sreep durations
and shorter latencies to sleep onset than unfit subjects
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(Driver, Meintjes, Rogers, & Shapiro, L988; Trinder,
Montgomery, & Paxton, 1988). However, it has been shown
that body composition, which is related to physical
"ltraining, is not a critical variable in the physical fitness
effect. Trinder and associates stated that SWS may vary as
a function of the type of physical training.
The effects of aerobic training upon sleep do not
appear to be due to the effects of increased activity
Ievels. Instead, its effects on sleep appear related to the
intensity of training (Trinder, Montgomery & Paxton, 1-988).
However, this conclusion does not completely coincide with
predictions from compensatory theories of sleep (e.9.,
bodily restorative and energy conservation theories) because
any level of increased activity woutd affect sleep.
Two qualifications need to be added to this conclusion.
First, compensatory theories predict that sleep will respond
to increased wake period activity. Alternatively, the
compensatory change occurs in processes which are
temporarily associated with, ot dependent upon, s1eep. For
example, increased catabolic activity during the waking
period may be followed by a facilitation of conditions
favorable for anabolic activity, and an increase in protein
synthesis, but, without changes in the duration or
architecture of sleep. However, this possibility has not
been appropriately explored, with only a few studies
providing ambiguous results.
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Secondly, it is possible the compensatory role of
sleep, in response to exercise, may not be necessary
because of changes in other variables. For example, sleep
. may have an energy conservation function, a compensatory
response to physical exercise may not be necessary if food
intake increases.
In recent years, there has been considerable interest
in the relationship between body temperature and sleep.
Body temperature has been shown to decr'ease in the first l-
to 2 hours of sleep (Giltberg & Akerstedt, L9B2). This fatl
in body temperature is proposed to be due to a regular
reduction in the hypothalmic set point for thermoregulatory
control (Parmeggiani, L980). Body temperature affects
sleep, in particular, sleep duration, distribution of REM
sleep, and the amount of SWS.
Two hypotheses have been proposed regarding the
rerationship between body temperature and the rever of sws.
sewitch (L987) proposed that the regulated reduction in body
temperature at sreep onset is necessary for sws to occur.
Arso, the amount of sws on any particurar night wirr be a
rrpositive functiontr of the amount of fall of body
temperature folrowing sreep onset. Therefore, the faster a
person,s core tenperature drops, the quicker SWS is
initiated. Berger and phillips (19BBi Jordan, Montgomery &
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Trinder, L99O) proposed that the amount of SWS may be
positively retated to the body temperature at and shortty
after sleep onset.
Interestingly, both reports support their hypotheses
from the observation that passive heating during wakefulness
increases the amount of SWS in the. subsequent sleep period.
However, the two theories predict a different relationship
between passive heating and body ternperature. Sewitch
(L987) argues that passive heating results in a faster
decline in body temperature following sleep onset and a
lower minimum temperature as compared to a control
situation. Berger and Phillips (1988), in contrast, report
that passive heating produces elevated body temperatures
during the early sleep periods.
Metabolism and Sleep
It is recognized that certain components of sleep may
be retated to metabolic factors. One component, REM sleep
cycle len$th, has been shown to be negatively related to
metabolic rate in both phylogenetic and ontogenetic data.
_'
Therefore, sleep cycle length is Ionger in species with
lower metabolic rates than those with higher rates.
However, contradictory data has been reported within a
species (Trinder, Stevenson, Paxton & Montgomery, Lg82).
Chronic physical activity has a number of metabolic
effects which favor an increased metabolic rate in
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exercising individuals. For example, metabolic rate is
increased foltowing exercise, with the duration of this
effect being related to the intensity of the exercise
(Karpovich & Sinning, L97L). Also, thyroxine production and
degradation is increased because of habitual exercise
(Terjung & Winder, L975). Increased metabolic activity is
also indicated by the greater number of muscle mitochondria
seen after periods of endurance training (Holloszy, L967).
Therefore, it seems reasonable to conclude that physical
exercise elevates daily energy expenditure and average
metabolic rate, which may affect sleep patterns and/or sleep
architecture. However, Trinder (L982) and colleagues
reported that there is a negative relationship between
metabolic rate and sleep cycle length.
Summarv
Overall, it is apparent that acute exercise does not
directly affect sleep. An occasional positive outcome in
acute exercise studies and the effects of aerobic training
on sleep indicate that under specific conditions, exercise
may have indirect effects.
The effects of exercise on sleep have not been proven
to be consistent. Methodological differences make
comparisons between investigators problematic and contribute
to discrepant findings. For example, exercise protocols may
vary between studies in terms of the type of activity,
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duration, intensity, and consistency from subject to
subject. Many studies have not regulated exercise in a
precise fashion or quantified it to permit replication.
Further, some investigators may not have chosen the proper
exercise intensity over the subject's usual routine to
induce sleep alterations (BunneII, Bevier, & Horvath, 1983).
As previously suggested, body heating may be the
critical factor. In this interpretation and the lack of
robustness of the effects are due to the difficulty of
achieving the appropriate body heating effects, without the
exercise being sufficiently intense to disturb sIeep.
Therefore, exercise that is severe enough to raise body
temperature may also affect other mechanisms which may
disrupt sleep.
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INFORMED CONSENT FORM
L. Purpose of the Study
This study is designed to determine the effects of
exercise upon sleep characteristics in an older population.
2. Benefits of this Study
The results of this study wiII help health care
professionals better understand the effects of exercise
programs upon sleep characteristics in an older population.
This understanding may lead to utilization of exercise in
sleep disorders.
You will benefit by participating in this program
because you wilt be provided with a supervised exercise
program and extensive medical testing at no charge. Test
results .wiII be made available to your physician if so
requested.
3. What you will be asked to do
First you will be asked to attend an orientation
meeting. At this time you will complete several
questionnaires and be given information about the exercise
groups. When in one of the exercise groups, you wilt be
asked to participate in three exercise sessions a week, each
about one hour in duration for four months. If you are in
69
(initials)
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the specific exercise group, you will be asked to perform
stretching and general exercises during the sessions. If
you are in the general exercise group, you wiII be asked to
perform stretching and strenthening exercises during the
sdssions. If you are in the generat exercise groupr you
wiII be asked to exercise using a variety of equipment
consisting of cycles, treadmills, stairsteppers, and rowers.
When in the control group you are asked not to change your
usual 1evel of physical activity, and asked only to show up
for testing sessions.
Testing sessions for you will occur four times while in
this study. During these sessions we will ask you to
complete several questionnaires.
4. What are the risks of your participation in this study
Any time you exercise you risk injury. We feel this
risk is worth the benefits realized by people who exercise
regularly, but also feel you should fully understand these
risks before starting an exercise program. These risks will
be minimized by using only trained personnel at atl times.
5. If you would like more information about this studi...
before or after the project is complete,
please contact: Dr. G. A. Sforzo, 274-3390 or 274-5539.
(initials)
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6. Withdrawal from the study
You are free at any time to withdraw from this study.
If you decide to withdraw, please inform us.
7. How the data will be maintained in confidence
AIl data collected in this study will be stored
according to code. Subjects' names wilt not be used in any
reports of this study. AI1 results from this study will
always in appear in group data form.
I have read the above and understand its contents. I agree
to participate in this study. I realize that r should
address any questions I have at this time, or in the future,
to one of the researchers. I also verify that I am above 60
years of age.
Signature Date
Appendix C
THE SMH SLEEP QUESTTONNAIRE (MODIFIED VERSION)
Daily Log Entries Ouestion Key
Sleep:
L. What vras your quantity of sleep last night?
(hours; minutes)
2. What hras your quality of sleep last night?
1. very bad 2. bad 3. fairly bad
4. fairly good 5. good 6. very good
3. How much difficulty did you have falling
asleep?
1-. none or very little 2. some
3. a lot 4. extremely difficult
4. How many times did you wake up? (# of wake ups)
5. What was your waking state upon rising today?
L. ,,"r, drowsy 2. moderately drowsy
3. slightly drowsy 4. fairly clear headed
5. alert 6. very alert
6. How satisf ied ldere you with your sleep?
L. very unsatisfied 2. moderately unsatisfied
3. slightly unsatisfied 4. fairly satisfied
5. completely satisfied
7. Describe the quantity and total duration of any
naps you hdd yesterday? (# of naps, total nap time)
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THE SMH SLEEP QUESTIONNATRE
This questionnaire refers to your sleep over the past 24
hours. Please try and answer every question.
Name:
Date:
SSN:
Tine:
At what time did you:
1. Settle down for the night?
hrs. mins.
2. FaIl asleep last night?
-hrs. 
mins.
3. Finally wake this morning?
-hrs. 
mins.
4. Get up this morning?
_hrs. mins.
5. Was your sleep:
1. very light 2. right 3. fairly light
4. Iight average 5. deep average
6. fairly deep 7. deep 8. very deep
6. How many tines did you wake up?
O. Not at all l-. once 2. twice
3. three tines 4. four times 5. five times
6. six times 7. more than six times
73 TTHACA COLLEGE LTBRARY
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How much sleep did you have:
7. Last night? hrs. mins.
8. During the day, yesterday?
hrs. mins.
9. How well did you sleep last night?
1. very badly 2. badly 3. fairly badly
4. fairly well 5. well 6. very well
If not weIl, what was the trouble? (e. g., restless, etc.)
1.
1-0. How clear-headed did you feel after getting up
this morning?
l-. stiIl very drowsy indeed
2. still moderately drowsy
3. still slightly drowsy
4. fairly clear-headed
5. alert
6. very alert
L1. How satisfied were you with last'night's
sleep?
l-. very unsatisf ied
2. moderately unsatisfied
3. slightly unsatisfied
2。
3。
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4. fairly satisfied
5. completely satisfied
L2. Were you troubted by waking early and being
unable to get off to sleep?
l-. no
2. ves
L3. How much difficulty did you have in getting off
to sleep last night?
1. none or very little 2. some
3. a lot 4. extreme difficulty
L4. How long did it take you to faIl asleep last
night?
hrs. mins.
Appendix E
ADDITIONAL DATA
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Tab■e E―■
Descr■otive Statistics for Times woke UD Last Nioht for the
Modified sMH S■eep ouestionna■re
Training Group SD??
EarIy CV
WT
C
2.07
■.6■
■。34
■。40
■.■8
■.02
Middle CV
肥
C
2.23
■.5■
■。32
■.54
■.65
■。■4
Late CV
WT
C
2.05
■.46
■。73
■。20
■。■■
■.32
Detraining CV
WT
C
■。73
■。49
■.93
■.5■
■.25
■.44
Note.  Groups include:
(WT)′ and control (C).
N 〓 57。
Cardiovascular (CV), Weight Training
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Table E-2
DescriBtive Statistics for Total Hours of Nap Time Yesterday
for the Modified SMH Sleep Ouestionnaire
Training Group ?? ???
EarIy cv
WT
c
o.26
o.26
0.20
0.46
o.32
0.54
Middle cv
WT
c
o.20
o.26
o. t-9
0.41
o.37
0.43
Late cv
WT
c
o.27
o.26
0. l_l_
o .46
0.41
o.28
Detraining CV
WT
c
o.25
o.19
o.L7
o.52
0.34
0.46
Note.See note, Table E-1.
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Table E-3
Analysis.of Variance for Total Hours of Nap Time Yesterday
for the Modified SMH SIeeB Ouestionnaife
Source          df     SS      MS        F          p
groups          2     0.64    0。32  ■.3■        0.280
within ce■■s   50    ■2.■7    0.24
date            3     0.06    0。02   0。46    0.7■0
group by date   6     0.30    0。05  ■.■8     0.3■9
residua■      ■50     6。28    0。04
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Table E-4
Sullunarv of DeScriptive Statistics_■nd chi Souare Analvsis
ouestionna■re
Training   Group      M     SD     df     p       x2
Early        cV     3.60   ■.34
WT     3.87   ■ 3  ■0  0。272     ■2.■9
C     4.0■  。8
Midd■e       CV     3.63   0。95
WT     4.26   0.54    ■0   0。355    ■■.04
C      3.99   ■。0
Late         CV     3。95 0.42
WT     4。04   ■。00    6    0。302      7.2■
C     4.0■  0.80
_        Detraining   CV     3。87 ■。■8
｀  ｀                  WT     3。96  0。9■ 6    0.■34      9.79
C     3.72  ■.4■
こ
｀    Noteo  See note′ Table E―■.
8■
Table E-5
Descriptive Statistics for Total Hours of Nap Time Yesterday
for the SMH Sleep Ouest,ionnaire
Training Group ?? ???
EarIy CV
WT
C
0.24
0.23
0。30
0.54
0.34
0.5■
Midd■e CV
WT
C
0.42
0.55
0.5■
0.97
■。2■
■。45 ?
?
Late CV
WT
C
0。■4
0.27
0.■6
0.47
0.36
0。37
Detraining CV
WT
C
0.26
0.2■
0.■6
0.52
0.38
0.44
Note.See note, Table E-1 .
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Table E-6
Analysis of Variance for Total Hours of Nap Time Yesterday
for the SMH Sleep ouestionnaire
Source          df     SS      MS        F          p
groups 2 7.29 3.64 0.08 0.927
within ce1ls 72 3454.20 47.98
date 3 248.49 82.83 2.9A 0.033*
group by date 6 32.2L 5.37 O.L9 O.O79
residual 2L6 601-3.41 27 .84
Noteo  See note′ Tabl  E―■.  士p < 。o5.
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Tab■e E-7
Summarv of Descrioti寺 statistics and chi Souare Analvsis
for Troub■ed bv Waking too Earlv for the SMH SleeD
Ouestionna■re
Training Group ?? SD df p x2
EarIy CV
WT
C
■。26
■.■7
■.34
0.20
0。■5
0.23
0.3■5 2.3■
Middle CV
WT
C
■.30
■。08
■.22
0.22
0。08
0.■8
0.■63 3。63
Late CV
WT
C
■.14
■.25
■.■2
0.■3
0.20
0.■
0.389 ■.89
Detraining CV
WT
C
■.■2
■。04
■。■3
0。■■
0。04
0.■
0.543 1.22
Noteo  Soe note′ Tabl  E―■.
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Tab■e E-8
Summarv of Descriptive statisti⊆s and chi scuare Ana■vs s
for_Depth of Sleeo Last Niqht for the SMH S■eeD
Ouestionna■re
Tra■n■ng   Group     巫 旦⊇    塁二    p       X2
Early        CV     3。97 ■.29
WT     4。30   ■。04    ■4   0.073     22。28
C    4。2■  0。93
Middle       CV     3。87 ■。03
WT     4。29   ■。22    ■2   0。■69     ■6.5■
C    4.32  ■。27
Late         CV     4.32   0.56
WT     4.24   ■。65  ■4   0。729     ■0。44
C      4。29   0.89
Detraining   CV     4。■0 ■.42
WT     4.03   ■.52   ■0  0。295     ■■.86
C      3.99   ■。■5
Note.  See note′ Tab■e E―■。
Appendix F
MODIFIED QUESTIONNAIRE RAW DATA
Note. ID = subject identification number; croup: L (CV), 2
(!{T), and 3 (c); Date: l- (Early Training), 2 (uiddle
Training, 3 (Late Training), and 4 (Detraining) i Day: 1
(Monday), 2 (Tuesday), 3 (Wednesday), and 4 (Thursday);
Items: 1 (guantity of sleep last night), 2 (Quality of sleep
tast night), 3 (Difficulty falling asleep), 4 (Times woken
up) 5 (Waking state upon rising), 6 (Satisfaction with last
night's sleep), and 7 (Quantity and duration of naps
yesterday). Blank spaces within the data were averaged as
zeros.
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.ID Group Datc Daソ Item I Itcm 2 item 3Itcm 4 Item 5 Item 6 Item 7
1 1 1 1 6 1 5
1 1 4 1 2 2 4
1 1 1 8 1 1
1 1 1 4 55 1 5 1 1
1 1 1 6 1 4 1
1 1 4 1 4 3 4
1 1 9 3 5 1
1 1 2 4
1 1 3 1 4 1 4 4
1 1 3 4 1
1 1 3 1 1 4
1 1 3 4 5 1 4 4
1 1 4 1 7 4 1 0
1 1 4 4 1 1 4 4 0
1 1 4 1 0
1 1 8 4 1 4
1 1 1 1 3 0
1 1 8 4 2
1 1 3 8 4 4
1 1 4 3 3
1 1 7 3
1 2 7 4 4 3 4 1
1 3 1 4 3
1 4 7 1 3 1
1 1 1 3 1
1 2 4 4 1
1 2 4 4 1
1 4 6 3 4
1 1 1 2
1 4 3
1 4 2
2 1 4 6 1 3 6 1
3 1 1 1 1 1 4
3 1 1 6 1 1 4
3 1 1 4 3 2 1 1
1 1 5 1 0
1 2 1 4 1 4 4
1 2 65 3 2 1
1 2 1 4 0
1 2 7 4 1
1 1 65 4 2 1
1 4 1 4 4
1 3 4 1 0
1 7 4 1 1 4 0
1 4 1 8 1 4 0
1 6 4 1 4 3 0
1 4 3 7 4 1 4 1
3 1 4 6 4 1 1 4 0
4 1 1 1 7 1 1 5 0
4 1 2 7 1 4 4
4 1 1 3 1 4 5
4 1 4 7 4 1 3 4
4 1 1 8 1 4 0
4 1 2 4 1 4 3 0
4 1 4 1 4 4 0
4 4 1 5 4
4 1 4 3 4 4 0
4 1 1 5 4 0
1 75 0
4 1 3 4 1 4 4 0
4 1 4 1 55 1 1 4 0
1 4 6 1 5 0
4 1 65 1 1 5
1
1
1
1 1
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D GなoupDateDaソ Item l■om 2Itom 3It6m 4 Itern SItem 6ItcE 7
4 1 4 4 6 5 1 1 5 5
5 2 1 1 8 1 2 3 4
5 2 1 2 8 1 1 4 5
5 2 1 3 85 4 1 2 3 4 0
5 2 1 4 8 5 1 1 4 5 67
5 2 2 1 85 2 3 10 2 2 67
5 2 2 2 8 0 4 5 1
5 2 2 3 5 1 4 5
5 2 2 4 8 5 0 4 5 _67
5 2 3 1 85 1 4 5
5 2 3 2 85 5 1 4 5
5 2 3 3 855 1 4 5 0
5 2 3 4 8 5 1 4 5
5 2 4 1 8 5 1 3 4
5 2 4 2 8 1 4 1 67
5 4 3 3.5 1 4 1 0
5 2 4 4 8 1 4 1 0
6 1 1 7 2 6 5
6 1 2 4 2 2 4 4 1
6 1 3 1 5
6 2 1 4 2 2 5 4 1
6 2 2 1 6 6 1 0 6 5
6 2 2 65 1 2 6 1
6 2 2 3 6 1 1 5 4
6 2 4 65 1 4 5 5 0
6 3 1 7 6 1 1 6 4
6 2 3 2 6.5 4 1 3 5 4 0
6 3 3 6 1 2 6 5
6 2 3 4 65 4 1 3 5 3 0
6 2 4 1 6 1 2 6 5 0
6 2 4 2 5 1 4 6 5
6 4 3 55 4 2 4 4 4 0
6 4 4 5 4 2 3 5 4 0
7 1 1 6 4 1 1 5 4
7 1 2 5 4 1 0 5 4 0
7 1 3 4 1 1 5 5 0
7 2 1 4 6 1 1 5 5
7 2 1 1 1 5 5
7 2 2 6.5 5 1 1 5 5
7 2 3 1 1 6 5 15
7 4 6 1 1 5 5 0
2 1 5.5 1 1 5 5 25
3 2 6 1 1 5 5 0
7 3 65 1 1 5 5
7 3 4 6 5 1 1 5 5 0
7 4 1 6 3 2 3 4 25
7 4 2 65 5 1 0 5 5 25
7 2 4 3 6 5 1 1 5 5
7 2 4 4 5.5 5 1 1 5 5 25
8 2 1 1 7 4 1 4 2
8 2 1 2 65 4 1 1 2 2
8 2 1 9 1 1 3 1 15
8 2 1 4 7 5 1 0 3 5 83
8 2 2 1 75 5 2 1 3 4 1.5
8 2 2 2 6 4 2 1 3 4 15
8 2 2 7 4 2 0 4 4 5
8 2 2 4 7 4 1 0 2 4 1
8 2 3 1 6 4 1 0 3 2 0
8 2 3 7 4 2 0 2 2 75
8 3 3 8 5 2 0 2 5
8 3 4 65 4 1 1 3 2 1.5
8 4 1 7 3 2 1 3 3 67
8 4 2 7 1 1 2 75
|
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1
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1
1
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8 2 4 3 8 3 2 1 2 2 0
8 2 4 4 75 5 1 1 2 4 0
9 2 1 1 4 4 1 2 5 4 0
9 2 1 5 4 1 5 4
9 1 3 5 4 1 5 4
9 1 4 45 4 1 3 5 4
9 2 2 1 45 4 1 1 5 4 25
9 2 2 5 4 1 2 5 4 25
9 2 2 3 6 4 1 2 5 4 5
9 2 2 4 55 4 1 1 5 4 25
9 2 3 1 5 4 1 5 4 0
9 2 3 65 4 1 2 5 4 1
9 2 3 3 4 4 5 4 25
9 3 4 65 4 1 2 5 4 0
9 2 4 1 4 3 4 4 4 0
9 2 4 2 6 4 1 1 4 4 5
2 4 6 4 2 2 4 4 25
9 2 4 4 5 4 2 2 4 4 5
10 2 1 1 85 5 1 1 5 0
10 2 1 2 9 1 5 0
10 2 1 3 8 1 2 5 0
10 2 1 4 85 1 1 5 5 0
10 2 2 1 8 5 1 1 5 5 0
10 2 2 2 554 1 2 4 0
10 2 2 3 8 5 1 2 5 5 0
10 2 4 75 5 1 1 5 5 0
10 2 1 8 5 1 5 5 0
10 2 2 6 1 5 5 0
10 2 3 5 1 0
10 2 3 4 65 4 1 2 4 4 0
10 2 4 1 9 6 1 2 4 4
10 2 4 85 5 1 3 4 4
10 4 85 5 1 3 5 4
10 4 4 9 5 1 3 5 75
1 1 75 1 75
1 2 75 1 0 4 5
1 3 7 4 1 1 3 4 25
2 1 4 4 3 0 2 5
2 1 65 4 1 1 3 4
2 7 4 0 4 4 17
2 3 75 4 1 0 4 1
4 1 0 4 5
3 1 1 3 6 1 1 1
2 8 5 1 2 5 5 58
2 3 3 6 4 1 1 4 4
2 3 4 5 5 21 4 1 1.5
4 1 6 4 1 0 3 0
4 2 4 4 0 4
1 4 3 85 1 1 5 4 5
4 4 75 3 1 4 3 3 0
12 1 1 8 5 1 4 4 5 0
12 2 1 2 7 5 1 4 4 5 5
12 2 1 3 8 5 1 4 4 4 5
12 1 4 8 5 1 4 4 5
12 2 1 75 4 1 4 3 4 5
12 2 2 6 4 1 5 3 3 0
2 2 8 5 1 4 3 5 42
2 2 4 7 4 23 3 67
12 3 1 7 4 2 3 2 4
12 3 2 7 4 1 4
12 3 7 4 1 3 4
12 3 4 4 1 4 3 3 1
12 4 1 7 4 1 3 4 4 5
? ―
?
5
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12 2 4 7.5 4 1 5 4 0
12 2 4 3 75 4 1 3 3 4
12 4 4 75 4 1 3 5 4 0
13 1 1 7 4 1 1 4 4
13 2 1 2 8 5 1 1 5 4 0
13 2 1 3 75 5 1 1 5 4
13 2 1 4 8 4 1 1 4 3 5
2 1 65 5 1 3 4 5
13 2 2 7 5 1 0 4 4
13 2 3 7 5 1 1 4 4 33
13 2 2 4 6( 5 1 0 4 4 0
13 2 3 1 7 5 1 0 3 4 33
13 2 7 5 1 1 4 4 5
13 2 3 3 4 2 1 4 4 0
13 2 3 4 7 5 1 1 4 4 5
13 2 4 1 75 5 1 0 4 4 0
4 75 4 2 1 3 4 0
13 2 4 75 5 1 1 4 4 0
2 4 4 8 5 1 0 4 4 0
14 3 1 1 65 5 1 0 5 0
14 1 2 55 4 1 4 4 1
14 3 1 45 4 1 2 3 4
14 1 4 6 1 3 5 4 33
14 2 1 3 4 0 1 1 0
14 3 2 2 65 5 1 0 3 4 1
14 3 4 4 1 0 3 3 0
14 2 4 6 5 1 0 4 5 1
14 1 7 4 1 0 4 0
14 2 7 4 1 2 4 33
14 3 3 65 4 1 0 4 0
14 3 4 5 4 1 0 3 4 0
14 3 4 1 4 4 1 0 3 3 0
14 4 2 6 1 0 4 1 1
14 4 3 6 5 1 0 3 5 0
14 3 4 4 55 5 1 1 3 4 0
15 3 1 1 6 4 1 1 5 4 0
15 1 2 7 4 0 5 4 0
1 4 2 0 4 0
15 3 1 4 7 4 1 0 5 4 0
3 1 4 2 1 3 0
15 3 4 1 0 4 0
15 3 65 4 1 5 3 0
15 3 2 4 5 1 1 3 0
15 3 1 65 4 2 1 5 4 0
2 6 4 1 1 5 4 0
15 3 3 3 6 4 2 1 5 4 0
15 3 3 4 7 4 2 0 5 4 0
15 4 1 7 4 1 1 5 4 0
15 3 4 2 65 4 1 1 4 0
15 4 3 6.5 5 1 1 5 4 0
15 3 4 4 7 5 1 4 0
16 3 1 1 85 6 2 2 4 4 0
16 3 1 2 7 2 2 3 4 .08
3 1 3 7.5 5 2 4 4 25
16 3 1 4 8 4 2 2 2 3 17
16 3 2 1 8.5 6 1 0 5 5
16 3 2 2 5 5 2 0 3 2 .5
16 2 7.5 4 2 2 4 4 25
16 3 2 4 8 4 2 4 4
16 3 3 1 8 4 3 2 3 2 0
16 3 2 85 5 2 1 4 5
16 3 8 4 2 3 4 4 25
16 3 3 4 8 5 2 5 4 25
7
90
ID (丼oupI)ato DayLml Itom 2 Itom 3 It6m 4 It輌5 Iにm6 Itcm 7
16 3 4 1 75 3 3 2 2 1 25
16 3 4 8 2 1 1 0
16 4 3 8 2 3 5 2 1 08
16 3 4 4 8 4 2 3 4
17 3 1 1 7 5 1 1 5 4 0
3 1 2 65 5 1 0 3 5 0
17 1 6 5 2 0 4
17 3 1 4 7 6 1 0 5 5 17
3 1 6 1 1 4 5 0
17 2 2 75 5 1 0 5 5 0
3 65 5 1 1 4 4 0
17 2 4 75 0 4 5 0
17 1 75 5 1 1 4 5 0
17 2 6 4 1 4 0
17 7 6 1 0 4 5
4 7 0 4 5 0
17 4 1 8 6 1 1 5 5
17 4 2 6 1 0 5 5 25
17 4 7 6 1 0 4 5 17
17 4 4 65 3 1 1 3 2 0
18 3 1 1 4 1 4 2 0
18 1 8 6 1 2 5 1 0
1 3 8 6 1 1 5 5 0
18 3 1 4 85 6 1 1 6 0
3 1 8 6 1 1 6 5 0
18 3 2 2 4 1 4 3 0
18 2 3 8 5 1 1 6 5
18 3 4 7 5 1 1 5 4 0
18 3 1 8 4 1 1 4 4 0
18 2 7 5 1 1 5 4 0
18 3 7 5 1 1 4 4 0
18 4. 75 5 1 2 4 4
18 4 1 7 4 3 4 0
18 4 8 4 2 4 2 0
4 3 75 4 2 3
18 4 4 7 5 1 1 4 0
19 1 1 75 5 1 1 4 4 0
19 1 2 8 5 1 0 5 5
19 1 3 8 4 1 0 4 0
19 1 4 8 6 1 1 5 5
19 2 1 8 1 1 5 0
19 2 2 65 6 1 0 4 4 0
19 3 4 1 0 4 4 5
19 3 2 4 75 5 1 0 5 33
19 3 1 7.5 4 1 4 4 0
19 3 3 2 75 1 0 5 4 33
19 3 8 5 1 1 5 5 0
19 3 4 7 1 0 4 4 25
19 4 1 7 4 1 1 3 4
19 3 4 2 7.5 1 1 4 4 0
19 3 4 3 75 5 1 1 4 4 0
19 4 4 7 4 1 0 4 4 33
20 3 1 1 7´ 5 1 2 5 5
20 3 1 2 75 5 1 1 4 4 0
20 3 1 3 75 4 2 4 4 0
20 3 1 4 8 4 1 4 4 0
20 3 2 1 8 5 1 1 5 0
20 2 2 75 5 1 1 5 5 0
20 3 2 7 5 1 1 5 5 0
20 4 8 4 1 4 4 4 0
20 3 3 1 1 1 5 0
20 3 2 7 5 1 1 5 5 0
20 3 3 5 1 1 0
5
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20 3 4 2 1 5 5 0
20 3 4 1 4 2 4 4 4 0
20 3 4 2 5 1 2 5 5 17
20 3 4 3 75 41 5 4
20 3 4 4 75 51 0
21 1 1 10 6 1 0 6 5 1
21 1 2 6 1 1 6 5 2
21 3 1 3 8 6 1 1 6 5 25
21 3 1 4 8 6 1 1 6 5 225
3 2 1 8 4 1 3 6 2
21 3 2 85 4 2 6 5 0
21 3 2 10 4 1 2 6 5 217
21 3 2 4 9 4 1 6 5 15
3 1 10 4 1 6 0
21 3 9 4 1 4 6 5
21 3 4 1 5 6 5 0
3 4 8 4 1 6 5 2
4 1 75 5 1 0 5 367
4 2 75 1 1 6 5 0
21 4 3 7 1 1 6 6
21 4 4 8 5 1 1 6 5 133
1 1 8 5 1 1 4 4 75
1 8 1 1 4 0
22 1 75 1 1 4 4 0
22 3 1 4 85 6 1 1 3 4
22 1 8 5 1 1 4 5 0
75 4 3 4 0
22 1 1 0
22 3 4 9 6 1 5 0
3 1 6 4 1 3 3 4 0
3 2 8 5 1 1 3 4 0
22 3 3 6 1 1 0
22 3 4 8 5 1 1 4 4
22 4 1 75 1 1 5 4 0
22 4 1 1 4 0
22 4 1 1 4
4 4 8 1 1 4 5 0
1 1 65 4 1 5 0
23 1 1 1
23 3 1 3 10 2 4 4 0
3 1 4 8 1 1 5 0
23 3 2 1 1 1 4 0
23 3 2 7 6 1 1 6 5 0
23 3 7 6 1 0 6 5 0
2 4 1 5 4 0
23 3 1 6 2 4 2
23 3 2 8 5 2 1 5 4 0
23 3 3 8 0 0
23 3 4 1 0 4 4 0
23 3 4 1 55 3 2 5 5 3 0
3 4 2 6 3 1 5 4 3 0
23 4 3 65 4 2 3 5 4
23 3 4 4 7 5 2 3 3 4 0
25 1 1 65 4 1 3 4 4 0
・25 3 1 2 5 3 1 3 0
3 1 3 65 5 1 3 4 3
25 1 4 6 5 1 4 4 4 0
25 3 2 1 5 1 2 4 1
25 2 4 1 4 4 75
25 2 3 6 3 4 4 2 0
25 3 2 4 75 5 1 3 5 4 0
25 3 1 7 4 1 4 4 0
25 3 2 4 1 3 4 4 0
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25 3 3 3 5.5 4 2 2 4 3 0
25 3 3 4 7.5 5 1 5 4 25
25 3 4 1 9 4 1 5 4 4
25 3 4 25 3 3 4 3 2 25
25 3 4 3 6 4 2 5 4 4 5
25 3 4 4 6.5 4 1 3 4 3 5
27 3 1 1 7 4 2 1 5 4 0
27 3 1 2 7 5 1 0 6 5 0
27 3 1 3 65 5 2 0 5 1 0
27 3 4 6 4 2 0 4 3 0
27 3 1 85 6 1 0 6 5 0
27 3 2 2 6 5 1 0 5 4 0
27 3 2 36.5 5 2 0 5 4 0
27 3 2 4 6 5 2 0 5 5 0
27 3 3 1 6.5 4 2 4 4 4 0
27 3 3 2 54 2 4 4 40
27 3 3 7 5 5 4 4 0
27 3 3 4 65 6 2 0 5 50
27 4 1 7 3 1 4 4 0
4 2 7 3 2 05 5 0
27 3 4 3 8 2 1 5 5 0
27 4 4 5 2 0 6 5 0
28 3 1 6.5 4 1 4 4 0
28 3 1 2 8 5 1 0 4 4 0
28 1 65 4 1 4 4 0
28 3 1 4 75 4 1 0 4 5 0
28 2 8 5 1 0 5 5 0
28 2 2 8 6 1 0 5 5 0
28 3 85 6 1 1 4 5 33
28 4 6 1 0 5 4 0
28 1 8 4 5 4
28 3 3 2 8.5 5 2 6 5 0
28 3 3 3 85 5 1 1 4 4 0
28 3 3 4 6.5 4 2 2 4 1 0
28 3 4 1 7 5 2 1 4 5 0
28 3 4 2 65 4 2 0 4 4 0
28 3 4 3 7 5 0 4 5 0
28 4 4 75 4 2 2 4 4 0
29 1 1 85 4 2 4 2 0
29 1 2 85 4 1 0 4 2
29 1 3 9 4 0 4 2 0
29 3 1 4 7 6 1 0 3 5 17
29 3 2 1 8 4 1 1 3 4 0
29 3 2 2 4 1 0 4 4 0
29 3 2 3 9 5 1 0 5 5 0
29 3 2 4 5 3 1 3 1 2 0
29 3 1 7 4 1 3 4 0
29 2 7.5 4 1 4 4 0
29 3 3 10 4 1 0 5 5 0
29 3 3 4 7 51 0 5 5 0
29 3 4 1 5 1 4 5 5 0
29 4 2 10 4 2 3 3 3 0
29 4 3 8 3 24 3 3 0
29 4 4 2 3 3 0
30 1 1 7.5 4 1 2 3 4 0
30 3 2 7 4 1 2 4 4 0
30 3 1 6.5 4 1 2 3 3 0
30 3 1 4 7 4 1 2 3 0
30 2 1 5 2 2 2 1 1 0
30 2 2 6 4 1 1 3 3 0
30 2 3 8 5 4 4 0
30 2 4 6 4 2 2 2 2 0
30 3 1 4 1 3 4 0
い 。
1
1
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30 3 3 2 8 4 1 2 4 4 0
∞ 3 3 3 7 4 1 2 2 3 0
30 3 3 4 7 3 2 2 2 1 0
30 3 4 1 8 3 2 4 2 1 0
30 3 4 2 8 1 3 3 3 0
30 3 4 3 8 3 2 4 3 2 0
30 3 4 4 8 4 1 3 2 4 0
3 1 1 2 2 5 4 0
31 3 1 2 65 4 2 3 4 0
31 3 1 3 7 5 2 1 4 4 0
31 1 4 7 5 1 2 5 5 0
31 3 2 1 75 5 2 1 5 5 0
31 3 2 2 7 5 1 1 5 5 0
31 3 2 3 7 5 2 2 5 4 0
31 3 2 4 75 1 2 5 4 0
31 3 3 1 75 5 1 5 4 0
31 3 3 2 7 5 5 4 0
31 3 3 8 6 1 2 6 5 0
31 3 3 4 75 5 2 1 5 4 0
3 4 1 5 2 3 5 5 0
31 3 4 2 7.5 5 2 2 5 5 0
31 3 4 3 8 5 5 5 4 0
31 3 4 4 7.5 5 1 2 5 5 0
32 3 1 1 8 5 2 2 5 4 0
32 3 1 2 8 5 1 5 5 0
32 3 1 3 85 5 1 2 5 5 0
3 1 4 95 6 1 4 6 5 0
32 3 2 1 75 1 3 5 0
32 3 2 2 9 6 1 1 5 0
32 3 2 3 8 4 0 4 4 0
32 3 2 4 8 6 1 0 5 5 0
3 3 1 8 6 1 4 6 0
32 3 3 8 1 3 5 5 0
32 3 75 4 3 4 4 4 0
32 3 3 4 6 1 1 5 5 0
32 3 4 1 8 4 2 4 4 4 0
3 4 2 65 4 2 4 4 4 33
32 3 4 8 5 1 5 5 17
32 3 4 4 8 5 1 1 5 5
33 3 1 1 7 5 1 3 5 4 0
33 3 1 2 7 5 1 2 5 4 0
33 3 1 3 9 5 1 4 4 42
33 3 1 4 9 5 1 2 5 5 0
3 2 1 75 5 2 4 4 17
33 3 2 2 8 5 1 2 5 4 0
33 3 2 3 7.5 6 1 0 5 4 0
33 3 2 4 8 5 1 1 5 4 0
33 3 3 1 8 5 1 2 4 4 0
33 3 2 75 5 1 2 5 4 0
33 3 3 3 75 5 1 3 5 4 0
33 3 3 4 8 5 1 2 5 4 0
33 3 4 1 7.5 6 1 1 4 5 0
33 3 4 65 3 1 4 4 3 0
33 3 4 3 8 6 1 2 5 5 33
33 3 4 4 8 6 1 2 4 5 0
34 3 1 1 8 5 2 3 4 4 5
34 3 2 7.5 4 2 2 4 0
34 3 1 8 4 1 1 4 4 0
34 3 1 4 7.5 4 1 1 4 4 0
34 3 2 1 4 1 2 4 4 0
34 3 2 2 7.5 4 3 2 3 17
34 3 2 3 75 5 1 2 3 4 0
34 3 2 4 75 4 1 1 4 4 0
1
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34 3 1 8 4 1 3 2 0
34 3 2 8 5 1 2 4 4 75
34 3 3 8 4 1 2 4 4 0
34 3 4 8 4 1 2 3 4 75
34 3 4 1 7 4 1 2 3 3 0
34 3 4 2 65 3 3 22 2
34 3 4 3 8 4 2 2 3 75
34 3 4 4 7.5 3 2 2 2 2 0
35 1 1 6 4 2 2 0 0
35 3 1 2 7 4 1 3 4 2 1
35 3 1 3 7.5 5 1 1 3 4 0
35 3 1 4 8 4 1 2 4 0
35 3 2 1 8.5 5 1 1 4 4
35 3 2 2 75 5 1 1 5 4
35 3 2 3 6 3 2 2 2 0
35 3 4 7 5 1 4 4 0
3 3 1 75 4 1 4 4 0
35 3 3 2 75 51 2 4 33
35 3 3 55 2 3 4 1 0
35 3 4 10 6 1 1 5 5
35 4 1 8 4 1 1 4 4
35 4 2 7 4 1 4 4
35 3 4 3 65 4 1 4 4
35 4 4 65 4 1 0 5 4
36 3 1 1 4 5 1 1 4 4 17
36 1 2 35 4 22 3 0
36 1 3 6 5 1 2 4 4 0
36 1 4 6 4 1 2 4 4
36 3 2 1 5 4 1 3 3 2 1
36 3 2 24 3 4 4 2 15
36 3 2 3 6 4 1 4 4 4 67
36 2 4 5 4 1 4 3 4
36 3 1 55 4 1 2 5 4 1
36 2 5 5 1 4 4 75
36 3 3 55 1 5 4
36 3 3 45 4 1 1 4 4
36 3 4 1 5 5 1 1 4 4 0
36 4 2 55 1 5 3 1
36 4 3 5 5 1 4 4 1
36 4 4 55 4 1 5 4
1 1 7 5 1 4 4
37 1 2 7 5 1 4 4 0
37 3 1 3 75 4 2 4 4 0
37 1 4 7 5 1 4 4 0
37 2 1 75 4 1 4 4 0
37 3 2 2 75 4 1 4 4
37 3 2 3 7.5 5 1 2 4 4 0
37 3 2 4 7 4 1 1 4 4 0
37 3 1 75 4 1 1 4 4 0
37 3 2 6.5 5 1 1 4 4 0
37 3 3 7 5 1 1 4 4 0
3 4 7.5 4 1 3 3 0
37 3 4 1 3 3 3 2 2 0
37 3 4 2 8 4 1 1 4 4 5
37 3 4 3 7 4 22 3 3 0
37 4 4 7.5 4 2 1 4 3 0
38 1 1 6 5 1 1 5 4 0
38 3 1 2 6 5 1 1 5 4 C
38 3 1 3 6 1 0 5 5 0
38 3 1 4 5 4 1 0 5 4 0
38 3 2 1 5 4 1 1 5 3 0
38 3 2 6 3 2 2 4 2 0
38 3 2 3 6 4 21 5 4 0
1
1
1
1
1
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38 3 2 4 4 1 3 2 4 1 0
38 3 3 1 5 4 1 1 4 2 0
38 3 3 2 5.5 4 1 1 5 4 0
38 3 3 3 4 2 1 5 0
38 3 3 4 6 4 1 1 5 4 0
38 3 4 1 5 3 2 1 4 2 0
38 3 4 2 5 3 2 2 4 2 0
38 3 4 3 55 2 2 4 0
38 3 4 4 45 3 2 24 2 0
39 1 1 1 7 5 1 1 4 1
39 1 1 2 5 1 1 4 1
39 1 1 3 5 1 1 4 1
39 1 1 4 7.5 5 1 1 4 1
39 1 2 1 65 6 1 0 4 5 0
39 1 2 2 6 1 1 4 5
39 1 2 3 5 1 1 3 5
39 1 2 4 75 5 1 1 5 5
39 1 1 75 5 1 1 4 4 0
39 1 3 2 8 1 1 5 5 0
39 1 4 1 1 5 4 0
39 1 4 8 6 1 1 5 5 0
39 1 4 1
39 1 4 2
39 1 4
39 1 4 4
40 1 1 1 6 2 4 3 4 1 0
40 1 1 2 85 5 1 0 4 0
4 1 1 3 65 3 3 02 5 0
40 1 1 4 85 4 1 0 1 5 0
40 1 2 1 7 5 2 0 5 4 0
40 1 2 2 75 4 1 0 4 4 0
40 1 2 3 6.5 1 4 4 3 0
40 1 2 4 8 4 1 1 4 4 0
40 1 3 1 65 5 1 1 4 4 0
40 1 3 2 4 2 1 4 4 0
40 1 3 5 1 1 4 4 0
40 1 3 4 5 1 2 5 4 25
40 1 4 1 85 5 1 1 5 4 0
40 1 4 2 7 4 0 4 4
40 1 4 3 8 5 1 2 4 4 0
40 1 4 4 75 5 1 0 4 4 0
41 1 1 1 8 5 1 4 4 0
41 1 1 2 8 6 1 5 5 0
41 1 1 3 6 /3 2 2 3
41 1 1 4 75 6 1 0 5 5 0
41 1 2 1 6.5 3 2 4 2 2 0
41 1 2 2 6 2 3 5 3 2 0
41 1 3 6.5 4 1 3 0
41 1 2 4 8 5 2 2 5 4 0
41 1 3 1 8 5 1 2 5 5
41 1 3 2 5 1 3 5 4 0
41 1 3 7 5 1 4 5 4 0
41 1 3 4 75 5 1 2 5 4 0
41 1 4 1 5 1 1 5 0
41 1 4 2 8 5 1 2 5 0
41 1 4 3 9 6 1 2 5 5 0
41 1 4 4 75 5 1 0 4 4 0
42 1 1 1 6 4 2 3 5 4
42 1 1 2 8 5 2 3 6 5 1
42 1 1 6 5 2 3 5 4 117
42 1 1 4 5 2 3 5 4 1
42 1 2 1 6 4 2 4 5 4
42 1 2 2 6 4 5 4 1
1
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42 1 2 3 6 4 2 3 5 4 5
42 1 2 4 6 4 2 3 5 4 1
42 1 3 1 6 4 2 4 4 5
42 1 3 2 65 4 2 3 5 4 5
42 1 3 6 4 2 3 5 45
42 1 3 4 6 4 2 3 5 4 1
42 1 4 1
42 1 4 2
42 1 4 3
42 1 4 4
43 1 1 1 6 4 0 2 3 3 5
43 1 1 2 65 4 2 1 4 4 0
43 1 1 3 7.5 4 0 2 4 4 0
43 1 4 65 4 0 2 3 4 5
43 1 2 1 4 4 3 4 4 0
43 1 2 2 65 3 2 2 3 2 17
43 1 2 3 65 5 2 3 2 4 0
43 1 4 6 4 2 4 4 25
43 1 1 65・ 4 2 2 3 4
43 1 2 5.5 4 2 2 3
43 1 3 3 65 5 1 2 4 4
43 1 3 4 6 4 2 2 4 4 5
43 1 4 1 6 4 2 2 4 3 25
43 1 4 2 6 3 3 1 2 2
43 1 4 3 7 1 0 4 4
43 1 4 4 65 5 1 0 4 4 17
44 1 1 1 8 4 1 1 5 4 0
44 1 1 85 3 1 5 4 0
44 1 1 3 75 6 1 0 5 4 0
44 1 1 4 8 4 1 1 5 4 0
44 1 1 8 4 1 1 5 4
44 1 2 7.5 4 1 0 4
44 1 3 6.5 3 2 1 5 4 0
44 1 2 4 75 4 2 0 3 4 0
44 1 3 1 8 4 1 1 5 4 33
44 1 75 3 2 5 3
44 1 3 7.5 4 1 1 5 4
44 1 4 6.5 4 2 0 4 17
44 1 4 1 4 3 3 4 5 2 25
44 1 4 2 75 4 1 1 5 4 0
44 1 4 8 4 1 1 5 4
44 1 4 4 45 3 3 1 5 2
45 1 1 1 85 4 1 5 4 0
45 1 1 2 3 2 4 0
45 1 1 85 4 1 5 5 4 0
45 1 1 4 85 5 1 3 5 4 0
45 1 2 1 8 5 1 2 5 4
45 1 2 2 8 5 2 2 5 4 0
45 1 2 3 8 4 3 5 5 3 0
45 1 2 4 75 6 1 2 5 5 0
45 1 1 85 5 1 2 5 4 0
45 1 3 2 85 6 1 3 5 5 0
45 1 3 9 6 1 2 5 5 0
45 1 3 4 6.5 5 1 5 4 0
45 1 4 1 9 5 1 2 5 75
45 1 4 2 3.5 5 2 2 5 5 0
45 1 4 3 8 6 1 1 5 5 0
45 1 4 4 8 5 32 5 4 0
46 1 1 1 8 4 1 2 3 4 0
46 1 1 2 8 4 2 3 4 4 0
46 1 1 3 8 3 2 2 4 4 0
46 1 1 4 8 4 1 1 4 4 25
46 1 1 75 4 1 2 4 4 0
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46 1 2 2 7.5 1 5 5 25
46 1 2 3 8 5 3 4 4 0
46 1 4 8 4 1 4 4 0
46 1 1 8 5 1 5 5
46 2 8 5 1 5 5 0
46 1 3 3 75 4 2 4 4 0
46 1 3 4 8 5 1 5 5 0
46 1 4 1 8 5 1 5 5 0
46 1 4 2 8 4 1 4 4 0
46 1 4 3 8 2 4 5 0
46 4 4 75 4 2 4 4 0
47 1 1 1 7 4 4 5 3 0
47 1 2 6.5 4 3 5 4 0
47 1 1 3 7 4 3 5 4 0
47 1 1 4 8 4 3 5 4 0
47 1 2 1 9 4 2 5 4 0
47 1 2 9 4 2 5 4 0
47 1 2 7 3 3 4 3 0
47 1 2 4 85 4 2 5 4 0
47 1 1 8 4 4 4 0
47 1 3 8 3 5 3 0
47 1 8 4 5 0
47 1 3 4 8 4 4 5 0
47 1 4 1 8 4 4 5 4 0
47 1 4 2 75 4 2 5 4 0
47 1 4 3 8 4 3 5 4 0
47 1 4 4 8 4 2 5 4 0
48 1 1 1 7 3 5 3 3 0
48 1 1 2 7 1 6 3 2 0
48 1 1 3 4 1 3 4 4 0
48 1 1 4 4 2 2 4 4 0
48 1 2 1 9 4 1 2 3 4
48 1 2 2 6 4 1 1 4 4
48 1 2 3 6 1 4 7 4 1 1
48 1 2 4 8 4 1 0 4 4 0
48 1 3 1 8 3 2 2 2 1
48 1 2 4 3 1 4 4 0
48 1 3 3 3 3 4 3 0
48 1 3 4 8 4 1 1 4 4 0
48 1 4 1 8 1 4 7 1 1 0
48 1 4 2 8 1 1 1 4 0
48 1 4 3 8 4 1 1 4 4 0
48 1 4 4 8 4 1 1 4 4 0
49 1 1 1 3 1 0 4 4 5
49 1 1 2 4 3 3 2
49 1 1 3 4 1 1 4 4
49 1 1 4 1 1 4 4
49 1 2 1 6 4 1 1 2 4 17
49 1 2 2 2 3 0 2 1 17
49 1 2 3 7 4 1 0 1 4 0
49 1 2 4 6 4 3 1 3 3 1
49 1 3 1 6 4 1 1 3 3 0
49 1 3 2 6.5 4 1 1 3 4 0
49 1 3 3 7 4 1 1 3 4 0
49 1 3 4 7 4 2 2 3 4 1
49 1 4 1 45 3 2 2 1 1 0
49 1 4 2 6 4 1 1 4 4 75
49 1 4 3 55 2 3 2 1 2 75
49 1 4 4 7 3 2 1 4 4 1
50 2 1 1 8 3 1 1 3 3 0
50 2 1 2 8 5 1 0 3 4 17
50 2 1 3 7.5 3 1 2 2 25
50 2 1 4 85 5 1 0 4 5 33
1
1
1 1
1
1
1
1
1
1
1
1 1
1
1
1
1
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50 2 1 8.5 5 1 1 3 4 0
50 2 2 2 8.5 3 2 1 3 4 0
50 2 3 9 4 2 4 4 0
50 2 2 4 85 4 2 5 4 4 5
50 2 3 1 9.5 4 3 1 2 2 0
50 2 3 2 95 5 1 0 4 4 1
50 2 3 8.5 4 1 2 3 2 0
50 2 4 8.5 4 1 1 2 4 0
50 4 1
50 1 4 2
50 1 4 3
50 1 4 4
2 1 1 75 5 1 2 5 5 0
51 2 1 2 85 5 1 3 5 5 0
51 1 3 75 5 1 2 5 5 0
51 1 4 8 5 1 2 5 5 0
51 2 1 8 5 1 2 5 5 0
51 2 2 75 5 1 3 3 3 0
2 9 5 1 2 5 5 0
51 2 4 75 5 1 3 4 0
51 1 8 5 1 2 5 5 0
51 3 2 7 5 1 3 5 0
51 2 3 3 8 5 1 2 5 5 0
2 4 7 5 1 2 5 5 0
51 4 1 8.5 5 1 3 5 5 33
51 4 2 8 5 1 2 5 5 0
51 4 3 8 5 1 3 5 5 0
51 2 4 4 8 5 1 1 5 0
52 2 1 1 8 6 1 1 4 0
52 2 1 2 75 6 2 0 4 4 25
52 2 1 3 7 5 2 3 4 4 0
52 1 4 7 5 2 2 4 4 0
52 2 2 1 7 5 1 1 3 5
52 2 2 2 8 5 1 0 3 0
52 2 7.5 5 2 1 3 4 0
52 2 4 75 5 1 0 5 0
52 1 85 6 1 4 5 0
52 2 75 6 1 1 5 0
52 3 8 6 1 0 4 5 0
52 3 4 6 1 0 4
52 4 1 10 6 1 0 4 5 0
2 4 2 75 5 3 1 3 4 0
52 2 4 3 86 1 0 4 5 0
52 2 4 4 7 6 1 0 4 5 0
53 2 1 1 7 6 1 1 5 5 0
53 2 1 2 7 6 1 1 5 5 0
53 2 1 3 6 4 2 1 4 3 0
53 1 4 65 5 1 1 4 4 0
53 2 1 6 5 3 1 5 4 0
53 2 2 2 7 6 1 1 5 5 0
53 2 2 3 6.5 6 1 0 5 5 0
53 2 4 7 6 1 0 6 5 0
53 3 1 8 6 1 2 5 5 0
53 2 3 2 6 5 3 2 5 4 0
53 2 3 7 6 1 0 6 5 0
53 2 4 5 4 2 1 3 0
53 4 1 7 6 1 1 5 5 0
53 4 2 7 5 0 1 5 5 0
4 9 6 1 0 5 5 0
53 2 4 4 7 5 3 0 5 4 0
54 1 1 6 4 2 6 4
54 1 2 7 3 2 4 6 2 0
54 1 3 6 4 1 2 6 3 0
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54 1 4 6 4 1 2 6 0
54 2 2 6 4 1 6 4 0
54 2 6 4 1 4 0
54 3 6 4 1 2 6 4 0
54 2 2 4 6 4 1 2 6 4 0
54 2 3 1 7 4 1 2 6 4 0
54 3 2 7 4 1 6 4 0
54 3 3 65 4 1 6 4 0
54 2 3 4 5 4 1 2 6 4 0
54 2 4 1 7 4 1 2 6 4
54 2 4 2 8 4 1 2 6 4
54 2 4 3 7 4 1 6 4
54 2 4 65 4 1 2 6 4 0
55 2 1 1 65 6 1 1 42
55 2 1 6 1 4 4 25
55 1 3 75 6 1 1 6 1
2 1 4 65 6 1 6 5
55 2 1 6 3 3 4 5 3 0
2 65 6 1 0 6 5 0
55 3 7 5 1 2 4 0
4 7 1 2 5
55 3 1 6 1 1 6 5 0
55 55 6 0 6 4
55 3 7 1 0. 6
4 65 1 2 6 5
55 4 1 7 5 3 0
55 4 2 8 5 2 4 25
4 3 65 3 4 2
4 4 6 4 0
56 1 1 75 1 4 4
56 1 7 1 4 4
56 1 55 0 4 0
1 4 75 1 3 0
56 1 8 4 1 0 4 4 25
2 85 1 1 4 4 0
56 2 2 6 4 1 0 4 4 0
56 4 8 4 1 0 4 4 0
56 1 8 4 1 4 4 0
56 3 2 6 1 4 0
56 7 4 1 4 4
56 3 4 5 3 1 2 3 0
4 1 75 4 1 0 4 4 0
56 4 2 7 4 1 4 4 0
56 2 4 3 7 41 0 4 4 0
56 2 4 4 7 4 1 0 4 4 0
57 2 1 1 7 5 2 4
57 2 1 2 95 1 3 1 33
57 2 1 3 7 4 1 3 4 4 5
1 4 8 5 1 3 4 1 1
57 2 2 1 6 4 2 4 4 33
57 2 2 10 4 1 5 5 1 1
3 8 4 1 2 4 4
57 2 4 10 4 2 5 4
57 2 3 1 8 4 3 3 5 4 0
57 2 3 6 4 2 5 4 25
3 8 4 1 3 4 4 33
57 2 3 4 75 4 2 2 4 4 25
57 2 4 1 4 1 0 5 0
57 4 2 9 4 2 4 0
57 4 3 7 2 1 2 1
57 4 4 7 4 1
58 1 1 75 1 1 1 4 0
58 2 1 4 1 0 4 0
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58 1 3 4 1 0 3 4
58 1 4 65 4 1 0 4
58 1 7 4 1 0 4
58 2 2 7 4 1 0 4
58 3 4 1 0 4
58 2 4 7 4 1 0 3 4
58 3 1 7 4 1 0 2 4 0
58 3 2 7 4 1 0 2 4 0
58 65 4 1 0 4 0
58 2 4 7 4 1 0 4 0
58 2 4 1 65 4 1 0 4 0
58 4 2 65 4 1 2 4
58 4 3 65 4 1 4
58 2 4 4 6 4 1 0 4 0
1 1 8 1
1 2 5 1 5・ 0
1 3 85 1 5 0
59 1 4 85 4 3 0
59 2 1 85 5 1 2 5 0
2 85 5 1 5 5 0
2 2 3 95 1 5
59 2 2 4 85 3 3 1 5 5
59 3 1 85 5 2 5
59 3 55 4 3 4
2 3 65 4 2 5 4
2 3 4 95 5 1 1 0
59 2 4 1
59 4
59 2 4 3
2 4 4
